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SYSTEMS AND METHODS FOR 
TRIGGERING SCRIPTS BASEDUPON AN 

ALERT WITHNAVIRTUAL 
INFRASTRUCTURE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 12/701,492, filed Feb. 5, 2010, which is hereby 
incorporated by reference. 

TECHNICAL FIELD 

Embodiments of the present disclosure relate to the field of 
data processing, and more particularly, to detecting and cor 
relating log events, configuration changes and conditions pro 
ducing alerts within a virtual infrastructure. 

BACKGROUND 

Advances in microprocessor and related technologies have 
led to wide spread deployment and adoption of numerous 
general purpose as well as special purpose computing 
devices. General purpose computing devices, such as servers 
and desktop computers, are now endowed with computing 
power that was once reserved for the most expensive high end 
computers, requiring a special conditioned environment to 
operate. At the same time, special purpose computing devices 
Such as personal digital assistants, media players, wireless 
mobile phones are common. Further, advances in networking, 
telecommunication, satellite, and other related technologies 
have also led to increase in connectivity between computing 
devices, making possible networked computing over private 
and/or public networks, such as the Internet. 

However, as networked computing continues to grow in 
Sophistication, enterprise networks become increasingly 
complex. Many networks are now partitioned to include one 
or more virtual infrastructures. VMware(R) software, available 
from VMware(R), Inc., may be used to provide the one or more 
virtual infrastructures and provides a completely virtualized 
set of hardware to a guest operating system. VMware(R) soft 
ware virtualizes the hardware for a video adapter, a network 
adapter, and hard disk adapters. The host provides pass 
through drivers for guest USB, serial, and parallel devices. In 
this way, VMware(R) virtual machines become highly portable 
between computers, because the guests have no knowledge of 
the host on which they are running. In practice, a system 
administrator can pause operations on a virtual machine 
guest, move or copy that guest to another physical computer, 
and there resume execution exactly at the point of suspension. 
Alternately, for enterprise servers, a feature called VMotion 
allows the migration of operational guest virtual machines 
between similar but separate hardware hosts sharing the same 
storage. Each of these transitions is completely transparent to 
any users on the virtual machine at the time it is being 
migrated. 

From configuration, application service provision, change 
management, to network protection, enterprises currently 
face many challenges. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present disclosure will be readily 
understood by the following detailed description in conjunc 
tion with the accompanying drawings. To facilitate this 
description, like reference numerals designate like structural 
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2 
elements. Embodiments of the disclosure are illustrated by 
way of example and not by way of limitation in the figures of 
the accompanying drawings. 

FIG. 1A schematically illustrates a network configured 
with a virtual infrastructure. 

FIG. 1B schematically illustrates a host, configured with a 
virtual infrastructure, from the network of FIG. 1A. 

FIG. 2 schematically illustrates a platform utilizing paral 
lel execution environments for the host of FIG. 1B. 

FIG. 3 is a flowchart illustrating some aspects of methods 
in accordance with the present disclosure. 

FIG. 4 schematically illustrates an example computer sys 
tem suitable for use in association with a virtual infrastruc 
ture. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to 
the accompanying drawings which form a part hereof 
wherein like numerals designate like parts throughout, and in 
which is shown by way of illustration embodiments in which 
the disclosure may be practiced. It is to be understood that 
other embodiments may be utilized and structural or logical 
changes may be made without departing from the scope of the 
present disclosure. Therefore, the following detailed descrip 
tion is not to be taken in a limiting sense, and the scope of 
embodiments in accordance with the present disclosure is 
defined by the appended claims and their equivalents. 

Various operations may be described as multiple discrete 
operations in turn, in a manner that may be helpful in under 
standing embodiments of the present disclosure; however, the 
order of description should not be construed to imply that 
these operations are order dependent. 
The description may use perspective-based descriptions 

Such as up/down, back/front, and top/bottom. Such descrip 
tions are merely used to facilitate the discussion and are not 
intended to restrict the application of embodiments of the 
present disclosure. 

For the purposes of the present disclosure, the phrase 
“A/B means A or B. For the purposes of the present disclo 
sure, the phrase “A and/or B' means “(A), (B), or (A and B). 
For the purposes of the present disclosure, the phrase “at least 
one of A, B, and C’ means “(A), (B), (C). (A and B), (A and 
C), (B and C), or (A, B and C). For the purposes of the 
present disclosure, the phrase “(A)B” means “(B) or (AB) 
that is, A is an optional element. 
The description may use the phrases “in an embodiment.” 

or “in embodiments, which may each refer to one or more of 
the same or different embodiments. Furthermore, the terms 
“comprising.” “including.” “having and the like, as used 
with respect to embodiments of the present disclosure, are 
synonymous. 
As is known in the art, many network computing systems 

are configured using virtualization technology. Thus, many 
processing devices and/or processing systems may be virtu 
ally configured such that they operate as multiple indepen 
dent systems. Generally, the systems are arranged to include 
at least one virtual machine, as well as one or more virtual 
objects that may function or operate in a manner similar to a 
physical peripheral device, for example, a CD Rom, a floppy 
disk drive, etc. The virtual machines generally function as the 
processor and/or controller within the virtual system. Each 
virtual system may include one or more virtual machines that 
may operate independently of each other and/or some of the 
virtual machines may run interdependently. 

FIG. 1A schematically illustrates a network 100 that 
includes a virtual center (VCenter) 104 and a plurality of hosts 
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108. The VCenter 104 includes a component 112 that provides 
intra-partitioning of the hosts 108 into one or more virtual 
infrastructures. The VCenter is a VMware(R) server that is used 
to control one or more hosts 108. The component 112 may be 
in the form of software or firmware. In some embodiments, 
the component 112 may be a Supervisory-level component, 
e.g., a kernel component. In various embodiments, a kernel 
component may be services (e.g., loader, scheduler, memory 
manager, etc.), extensions/drivers (e.g., for a network card, a 
universal serial bus (USB) interface, a disk drive, etc.), or a 
service-driver hybrid (e.g., intrusion detectors to watch 
execution of code). 
As used herein, the term “component' is intended to refer 

to programming logic and associated data that may be 
employed to obtain a desired outcome. The term component 
may be synonymous with “module' or "agent” and may refer 
to programming logic that may be embodied in hardware or 
firmware, or in a collection of software instructions, possibly 
having entry and exit points, written in a programming lan 
guage. Such as, for example, C++, Intel Architecture 32 bit 
(IA-32) executable code, etc. 
A Software component may be compiled and linked into an 

executable program, or installed in a dynamic link library, or 
may be written in an interpretive language such as BASIC. It 
will be appreciated that software components may be callable 
from other components or from themselves, and/or may be 
invoked in response to detected events or interrupts. Software 
instructions may be provided in a machine accessible 
medium, which when accessed, may result in a machine 
performing operations or executions described in conjunction 
with components of embodiments of the present disclosure. 
Machine accessible medium may be firmware, e.g., an elec 
trically erasable programmable read-only memory (EE 
PROM), or other recordable/non-recordable medium, e.g., 
read-only memory (ROM), random access memory (RAM), 
magnetic disk storage, optical disk storage, etc. It will be 
further appreciated that hardware components may be com 
prised of connected logic units, such as gates and flip-flops, 
and/or may be comprised of programmable units, such as 
programmable gate arrays or processors. In some embodi 
ments, the components described herein are implemented as 
software modules, but nonetheless may be represented in 
hardware or firmware. Furthermore, although only a given 
number of discrete software/hardware components may be 
illustrated and/or described. Such components may nonethe 
less be represented by additional components or fewer com 
ponents without departing from the spirit and Scope of 
embodiments of the disclosure. 

With reference to FIG. 1B, a host 108 may be configured by 
the component 112 of FIG. 1A to include one or more virtual 
machines 116. Virtual objects 120 may also be configured and 
linked to one or more corresponding virtual machine(s) 116. 
As previously noted, each virtual machine 116, and any asso 
ciated virtual objects 120, may operate independently, or may 
operate interdependently. Virtual objects 120 may also be 
associated with more than one VM 116. As examples of 
virtual objects, CD-ROMs and Floppy Disks are illustrated in 
FIG. 1B. 
More particularly, FIG. 2 illustrates a platform 200 

wherein virtualization via, for example, VMware(R), is uti 
lized to provide parallel execution environments within the 
hosts 108. FIG. 2 illustrates one example for one host. In this 
exemplary embodiment, a management module, e.g., virtual 
machine monitor (VMM) 204, on the platform 200 may 
present multiple abstractions and/or views of the platform 
hardware 208, e.g., one or more processor(s) 212, network 
interface controller 216, storage 220, and/or memory 224, to 
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4 
the one or more independently operating execution environ 
ments, or “virtual machines (VMs), e.g., first VM 228 and 
second VM232. The first VM228 may include an OS 236 and 
component 240, while the second VM 232 may include an OS 
260 and component 256. The first VM 232 may be configured 
to execute code independently and securely isolated from the 
second VM228 and may prevent components of the first VM 
228 from performing operations that would alter, modify, 
read, or otherwise affect the components of the second VM 
232. As previously discussed, the first VM 232 may be con 
figured to execute code interdependently with the second VM 
228 and may allow components of the first VM 228 to per 
form operations that would alter, modify, read, or otherwise 
affect the components of the second VM 232. While the 
platform 200 shows two VMs, other embodiments may 
employ any number of VMs. 
The components operating in the first VM228 and second 

VM 232 may each operate as if they were running on a 
dedicated computer rather than a virtual machine. That is, 
components 240 and 256 operating in the first VM 228 and 
second VM 232, respectively, may each expect to control 
various events and have complete access to hardware 208. 
The VMM 204 may manage VM access to the hardware 208. 
The VMM 204 may be implemented in software (e.g., as a 
stand-alone program and/or a component of a host operating 
system), hardware, firmware, and/or any combination 
thereof. 

Thus, FIG. 1A illustrates a network 100 configured with a 
virtual infrastructure made up of at least one VCenter 104 and 
one or more hosts 108 that are configured to include virtual 
infrastructures made up of one or more virtual machines 116 
and one or more virtual objects 120 as illustrated in FIG.1B. 
As with any type of network, it is important to maintain the 

integrity of the network and its associated systems. Further 
more, various events may occur that can lead to problems 
within the network. Thus, it is important to monitor and 
manage the virtual infrastructure in order to detect events that 
occur that can affect the integrity and/or cause problems for 
the virtual infrastructure. Event occurrences include, for 
example, users logging into the virtual infrastructure, VMS 
116 migrating from one host 108 to another host 108, VMs 
116 starting up or shutting down, users modifying configura 
tions of virtual objects or machines, etc. Another type of event 
that may occur includes a configuration change, wherein one 
or more aspects related to a configuration for the virtual 
infrastructure has been changed. Examples include modifica 
tions to resource allocations within a resource pool, changes 
to the virtualized hardware assigned to a VM, changes to the 
security policy of a virtual network, etc. Some event occur 
rences and configuration changes may cause alerts. In other 
instances, conditions, such as, for example the detection of 
Snapshots that are older than a certain threshold, the detection 
of datastores with less than a certain threshold of free space, 
the detected failure of a Logical Unit Number (LUN) path, the 
detection of a failed vMotion, the detection of a newly created 
or deleted VM 116, etc., within the virtual infrastructure may 
also cause an alert. Another type of event includes a relation 
ship change, which includes, for example, detection of a 
newly added object (CD-ROM 120) to a VM 116, a move 
ment of a VM 116 from one host 108 to another host 108, the 
assignment of a host 108 to a cluster of hosts 108, etc. An alert 
may include Some type of message to alert the system admin 
istrator as to the occurrence of the event, the configuration 
change and/or the conditions within the virtual infrastructure. 
Thus, as used herein, events generally refer to and include 
event occurrences, configuration changes and conditions that 
may cause an alert. 
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Accordingly, in accordance with various embodiments of 
the present invention, the network 100 includes a component 
124 that is configured to monitor the virtual infrastructure by 
communicating with the VCenter 104 in order to detect 
events. Generally, the component 112 is configured maintain 
a system log(syslog) keeping record of various events that are 
detected. The component 124 may be located at a server that 
provides the VCenter 104 or may be located remotely at a 
different server. 

In response to detection of an event within the virtual 
infrastructure, the component 124 is configured to generate 
an alert for a virtual machine 116 and/or virtual object 120 
due to an event within the virtual infrastructure. The alert is 
generally displayed to a user or system administrator of the 
virtual infrastructure. The user may then select a script for 
execution with respect to the affected virtual machine 116 
and/or virtual object 120 that was the subject of the alert. The 
affected virtual machine 116 and/or virtual object 120 is 
represented and/or organized into a format against which the 
Script may be executed. An example of such a scripting format 
is PowerShell(R) from Microsoft, Inc. The affected virtual 
machine and/or virtual object 120 is “converted from its 
internal representation within network 100 into a “scripting 
representation based upon the scripting format. Once the 
Script has been executed against the affected virtual machine 
116 and/or virtual object 120 in order to, for example, reme 
diate the event that caused the alert, the Scripting representa 
tion is no longer needed and is thus, not used further. The 
script may be executed for other reasons than to remediate the 
event that caused the alert. The script may be executed, for 
example, gathering more information around the event or 
taking some kind of action to prevent further risk (e.g., 
removing a VM from the network if it doesn’t meet some 
configuration standards, etc.) 

In accordance with various embodiments, multiple virtual 
machines 116 and/or virtual objects 120 may be affected by 
the event that caused the alert. Thus, all of the affected virtual 
machines 116 and/or virtual objects 120 may have the script 
executed against them. Thus, all of the affected virtual 
machines 116 and/or virtual objects 120 would be repre 
sented by the Scripting format and have the script executed in 
order to remediate the event. 

In accordance with various embodiments of the present 
invention, Scripts for use in remediating events are generally 
available within a database 128. In accordance with the vari 
ous embodiments, the database 128 may include scripts that 
have been provided by a community of users and system 
administrators of various virtual infrastructures. Thus, a user 
of a first virtual infrastructure may create or obtain a script for 
use to remediate one or more virtual machines 116 and/or 
virtual objects 120 within the first virtual infrastructure in 
response to a first event. The user of the first infrastructure 
may then provide the script to the community of users of 
virtual infrastructures. The script may be stored within the 
database 128 of a virtual infrastructure. The community of 
users may have a separate database that contains only Scripts 
provided by the community of users and which may be 
accessed by the community of users. A user of a second 
virtual infrastructure may then have an alert generated in 
response to the first event that occurred within the first virtual 
infrastructure, but which has now occurred within the second 
virtual infrastructure. The user of the second virtual infra 
structure may then obtain the script provided by the user of 
the first virtual infrastructure from the database of the com 
munity of users. The user of the second virtual infrastructure 
may then use the Script to remediate affected virtual machines 
116 and/or virtual objects 120 within the second virtual infra 
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6 
structure. The user of the second virtual infrastructure may 
store the script within the database 128 of the second virtual 
infrastructure if desired. 

In accordance with various embodiments, the component 
124 may be configured to automatically execute a script in 
response to an alert in order to remediate the event that caused 
the alert with respect to any affected virtual machines 116 
and/or virtual objects 120. In response to the alert, the com 
ponent 124 will select a script for execution against any 
affected virtual machines 116 and/or virtual objects 120 and 
will represent the affected virtual machines 116 and/or virtual 
objects 120 in the scripting format. The component 124 will 
also marshal any affected virtual machines 116 and/or virtual 
objects 120, if there are multiple affected virtual machines 
116 and/or virtual objects 120. The component 124 will then 
execute the script against the affected virtual machines 116 
and/or virtual objects 120 in order to remediate the event that 
caused the alert. 

In accordance with various embodiments, the component 
124 may be configured such that alerts arising from various 
occurrences or situations within the infrastructure are corre 
lated with a first virtual machine or object. The first virtual 
machine or object may then be linked with a second virtual 
machine or object to thereby indicate to a system administra 
tor of the possible effects that the condition causing the alert 
with respect to the first virtual machine or object may have on 
the second virtual machine or object, even though the alert 
was generated for the first virtual machine or object. One or 
more scripts may be executed to remediate the event that 
caused the alert with respect to the first virtual machine or 
object and the second virtual machine or object. 

Accordingly, with reference to FIG. 3, a method 300 in 
accordance with the present disclosure includes, at 302, 
monitoring a virtual infrastructure comprising a plurality of 
virtual machines and virtual objects and at 304, generating an 
alert for at least one virtual machine and/or virtual object due 
to an event within the virtual infrastructure. The method 300 
also includes, at 306, representing at least one virtual machine 
and/or virtual object in a scripting format. The method 300 
further includes, at 308, executing a script with respect to the 
at least one virtual machine and/or virtual object. The method 
300 may also include, at 310, displaying the alert to a user 
prior to representing the at least one virtual machine and/or 
virtual object in a scripting format. In accordance with vari 
ous embodiments, the script may be executed manually by the 
user. In accordance with other embodiments, the Script is 
executed automatically. 

FIG. 4 illustrates an example computer system suitable for 
use in association with a virtual infrastructure, in accordance 
with various embodiments of this disclosure. As shown, com 
puter system 400 may include one or more processors 402 and 
may include system memory 404. Additionally, computer 
system 400 may include mass storage 406 in the form of one 
or more devices (such as diskette, hard drive, compact disk 
(CD), flash memory, and so forth), input/output devices 408 
(such as keyboard, cursor control and so forth) and commu 
nication interfaces 410 (such as network interface cards, 
modems and so forth). The elements may be coupled to each 
other via system bus 412, which may represent one or more 
buses. In the case where system bus 412 represents multiple 
buses, the multiple buses may be bridged by one or more bus 
bridges (not shown). 

These elements each perform their conventional functions 
known in the art. In various embodiments, communication 
interfaces 410 may facilitate coupling of computing system 
400 to a network, though which computing system 400 may 
be coupled to one or more data processing devices of a data 
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processing environment and so forth, as necessary. In various 
embodiments, computing system 400 may at least be partially 
incorporated in Such a data processing device. System 
memory 404 and mass storage 406 may be employed to store 
a working copy and a permanent copy of the programming 
instructions, illustrated as Instructions 414 and 416, respec 
tively, for implementing various aspects of the one or more 
earlier described embodiments of the present disclosure. The 
permanent copy of the programming instructions may be 
loaded into mass storage 406 in the factory or in the field, 
through a distribution medium (not shown), or through com 
munication interface 410 from, for example, a distribution 
server (not shown). The constitution of these elements 402 
412 are known, and accordingly will not be further described. 
In alternate embodiments, part or all of the one or more 
modules may be implemented in hardware, for example, 
using one or more Application Specific Integrated Circuits 
(ASICs) instead. 

In embodiments of the present invention, an article of 
manufacture (not illustrated) may be employed to implement 
one or more methods as disclosed herein. For example, in 
exemplary embodiments, an article of manufacture may com 
prise a storage medium and a plurality of programming 
instructions stored on the storage medium, wherein the plu 
rality of instructions are adapted to cause one or more pro 
cessors within a computing environment to perform a plural 
ity of operations comprising monitoring a virtual 
infrastructure comprising a plurality of virtual machines and 
virtual objects, generating an alert for at least one virtual 
machine and/or object due to an event within the virtual 
infrastructure, representing the at least one virtual machine 
and/or object in a scripting format, and executing a script with 
respect to the at least one virtual machine and/or object. In 
various embodiments, an article of manufacture may com 
prise a storage medium and a plurality of programming 
instructions stored in the storage medium and adapted to 
program, for example, computing system 400 to configure the 
computing system 400 to perform one or more operations of 
the method 300. 

While the present invention has been described with 
respect to VMware(R), the present invention is equally appli 
cable to other types of virtualization systems and software 
and the present invention is not limited in this regard. 

Although certain embodiments have been illustrated and 
described herein for purposes of description of the preferred 
embodiment, it will be appreciated by those of ordinary skill 
in the art that a wide variety of alternate and/or equivalent 
embodiments or implementations calculated to achieve the 
same purposes may be substituted for the embodiments 
shown and described without departing from the scope of the 
present disclosure. Those with skill in the art will readily 
appreciate that embodiments in accordance with the present 
disclosure may be implemented in a very wide variety of 
ways. This application is intended to cover any adaptations or 
variations of the embodiments discussed herein. Therefore, it 
is manifestly intended that embodiments in accordance with 
the present disclosure be limited only by the claims and the 
equivalents thereof. 

What is claimed is: 
1. A method comprising: 
monitoring a virtual infrastructure comprising a plurality 

of virtual machines and virtual objects for an event 
affecting at least one of the virtual machines and/or 
virtual objects within the virtual infrastructure; 

detecting an occurrence of the event; 
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8 
converting the at least one affected virtual machine and/or 

virtual object from its internal representation within the 
virtual infrastructure into a scripting representation 
using a scripting format; 

selecting a script compatible with the scripting format; and 
executing the Script against the at least one affected virtual 

machine and/or virtual object represented in the Script 
ing format. 

2. The method of claim 1, further comprising generating an 
alert for the at least one affected virtual machine and/or vir 
tual object responsive to the detection of the event within the 
virtual infrastructure prior to representing the at least one 
affected virtual machine and/or virtual object in the scripting 
format. 

3. The method of claim 2, wherein the alert is generated for 
multiple virtual machines and/or virtual objects. 

4. The method of claim 1, wherein the script is executed 
manually by a user via a user interface. 

5. The method of claim 1, wherein the script is downloaded 
from a database. 

6. The method of claim 1, wherein the script is executed 
automatically. 

7. A system comprising: 
a virtual infrastructure implemented on one or more physi 

cal hosts, the virtual infrastructure comprising: 
a virtual control center; 
at least one virtual machine; 
at least one virtual object; and 
a component configured to: 

monitor the virtual infrastructure for an event affect 
ing at least one of the at least one virtual machine 
and/or virtual object within the virtual infrastruc 
ture; 

detect an occurrence of the event; 
convert the at least one affected virtual machine and/ 

or virtual object from its internal representation 
within the virtual infrastructure into a scripting rep 
resentation having a scripting format; 

select a script compatible with the scripting format; 
and 

execute the Script against the at least one affected 
virtual machine and/or virtual object represented in 
the Scripting format. 

8. The system of claim 7, wherein the component is further 
configured to generate an alert for the at least one affected 
virtual machine and/or virtual object responsive to the detec 
tion of the event within the virtual infrastructure prior to 
representing the at least one affected virtual machine and/or 
object in the scripting format. 

9. The system of claim 8, wherein the alert is generated for 
multiple virtual machines and/or virtual objects. 

10. The system of claim 7, wherein the script is executed 
manually by a user via a user interface. 

11. The system of claim 7, wherein the script is down 
loaded from a database. 

12. The system of claim 7, wherein the script is executed 
automatically. 

13. An article of manufacture comprising: 
a non-transitory storage medium; and 
a plurality of instructions stored thereon, wherein the plu 

rality of instructions are adapted to cause one or more 
processors within a computing environment to perform 
a plurality of operations comprising: 
monitoring a virtual infrastructure comprising a plural 

ity of virtual machines and virtual objects for an event 
affecting at least one of the virtual machines and/or 
virtual objects within the virtual infrastructure; 
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detecting an occurrence of the event; 
converting the at least one affected virtual machine and/or 

virtual object from its internal representation within the 
virtual infrastructure into a scripting representation 
compatible with scripting format; 

Selecting a script compatible with the Scripting format, and 
executing the Script against the at least one affected virtual 

machine and/or virtual object represented in the Script 
ing format. 

14. The article of manufacture of claim 13, wherein the 
plurality of operations further comprise generating an alert 
for the at least one affected virtual machine and/or virtual 
object responsive to the detection of the event within the 
virtual infrastructure prior to representing the at least one 
affected virtual machine and/or virtual object in the scripting 
format. 

15. The article of manufacture of claim 14, wherein the 
alert is generated for multiple virtual machines and/or virtual 
objects. 

16. The article of manufacture of claim 13, wherein the 
Script is executed manually by a user via a user interface. 

17. The article of manufacture of claim 13, wherein the 
Script is downloaded from a database. 

18. The article of manufacture of claim 13, wherein the 
Script is executed automatically. 

19. The article of manufacture of claim 18, wherein the 
alert is generated for multiple virtual machines and/or virtual 
objects. 
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